ABSTRACT
shown in Fig. 1A . By BLAST analysis (https://blast.ncbi.nlm.nih.gov/Blast.cgi) the other ORF of 7 2 199 amino acids was identified as snake HDAg (sHDAg) with 50% amino acid identity to S-HDAg Research Tool available at http://smart.embl-heidelberg.de/), but with no apparent other homologies 7 6 to known proteins. The secondary structure of the genome generated using RNAstructure webserver 7 7 (Bellaousov et al., 2013) shows 73% self-complementarity, which is close to the 74% reported for 7 8 known hHDVs (Lempp et al., 2016) . By GC content (53.3%) the sHDV lies between the newly 7 9
reported avian HDV-like sequence (51%) (Wille et al., 2018) and human HDV (hHDV, 60%) 8 0 (Wang et al., 1986) .
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By aligning the nucleotide sequence of sHDV with hHDVs, we were able to locate the genomic and avian HDV-like agent forms an outgroup for these (Fig. 1C ).
7
RT-PCR targeting the nt region 1139-1374 was set up using the 5´-8 8 GGATTGTCCCTCCAGAGGGTTC-3´ (fwd) and 5´-GCTCGAGGCTACCACCGAAAG-3´ (rev) 8 9 primer pair. We performed conventional RT-PCR as described in (Keller et al., 2017 ) using RNA 9 0 extracted from freshly frozen liver samples as the template as described in (Dervas et al., 2017) . We found the parental animals and four of their seven offspring as well as the waterpython (no. 4) to be 9 2 sHDV-infected (Table 1 and Fig. 1D ). The latter animal had been housed in the same room as the 9 3 boa breeding pair for several years, similar to an adult B. constrictor constrictor (no. 7) that was 9 4 tested negative for sHDV. A Madagascar tree boa (Sanzinia madagascariensis) without BIBD from 9 5 a different breeder was equally negative (Table 1) .
To produce an antibody against the sHDAg, we used Champion pET101 Directional TOPO 9 7
Expression Kit (Thermo Scientific) to clone and express the recombinant sHDAg with C-terminal 9 8 hexa-histidine tag. We designed primers (5´-CACCATGGAAACTCCATCCAAGAAGC-3´[fwd] instructions to PCR amplify sHDAg ORF from the brain sample used for NGS library preparation.
0 1
We did the protein expression similarly as described in (Dervas et al., 2017) , but performed the formalin-fixed and paraffin-embedded tissues (brain, liver, lung, kidney, spleen) of the examined 1 0 6 snakes, using the anti-sHDAg antiserum (see above). We used the EnVision HRP detection system 1 0 7 (Dako) as described (Dervas et al., 2017) , citrate buffer (pH 6.0 at 98°C, 10 min) for antigen Consecutive sections incubated with the pre-immune serum instead of the specific primary antibody In both parental boas, we found sHDAg to be intensely expressed within the cell body and 1 1 2 processes of numerous neurons in all brain regions ( Fig. 2A) , in individual hepatocytes in the liver 1 1 3 (Fig. 2B) , in a proportion of tubular epithelial cells in the kidney (Fig. 2C) , in occasional epithelial 1 1 4 cells in the lung (Fig. 2D) , and in leukocytes (mainly consistent with macrophages) in the spleen seven juvenile offspring tested, we found the four RT-PCR-positive animals to also be positive by We could not associate the infection with cytopathic changes, but need to undertake further studies could not detect accompanying hepadnavirus challenges the current understanding of strict
hepadnavirus-deltavirus association. It would seem plausible that the newly found deltaviruses use The authors are grateful to Sabina Wunderlin and Barbara Prähauser, Histology Laboratory, Dervas, E., Hepojoki, J., Laimbacher, A., Romero-Palomo, F., Jelinek, C., Keller, S., Smura, T., Keller, S., Hetzel, U., Sironen, T., Korzyukov, Y., Vapalahti, O., Kipar, A., and Hepojoki, J. Le Gal, F., Gault, E., Ripault, M.P., Serpaggi, J., Trinchet, J.C., Gordien, E., and Deny, P. pathogen and novel treatment options Nat. Rev. Gastroenterol. Hepatol. 13, 580-589. Wang, K.S., Choo, Q.L., Weiner, A.J., Ou, J.H., Najarian, R.C., Thayer, R.M., Mullenbach, the hepatitis delta (delta) viral genome Nature. 323, 508-514. Wille, M., Netter, H.J., Littlejohn, M., Yuen, L., Shi, M., Eden, J., Klaassen, M., Holmes, E.C., protein which by BLAST analysis represents the HDAg. The ORF2 is in genomic orientation and Models for the secondary structures of the genomic and antigenomic ribozymes identified in snake 1 9 0 HDV, the presentation format is adopted from review by Webb and Luptak (Webb and Luptak, following regions: active site, P1.1 and P3. The cleavage by the ribozyme occurs at the 5´ end. C)
Phylogenetic analysis of human, avian, and reptile HDAgs. The phylogenetic analysis was done 
